This work aims to detect the presence of Babesia canis vogeli in dogs from Recife, Pernambuco via molecular and parasitological detection methods, and to assess the risk factors associated with this parasite. A total of 146 dogs (male and female) of varying breeds and ages that presented clinical symptoms of babesiosis were assessed at a clinical care center in the Veterinary School Hospital. Blood was obtained via venopuncture for hemoparasite detection and polymerase chain reaction (PCR). Using a commercial kit, DNA was extracted from blood samples. For the PCR reaction, an approximately 590 base pair long genetic sequence was used to detect the presence of B. canis vogeli. The forward primer, denoted as BAB1 (5'-GTG AAC CTT ATC ACT TAA AGG-3'), was specific for a conserved region on the 18S rRNA gene of Babesia spp., and the antisense primer was denoted as BAB4 (5'-CAA CTC CTC CAC GCA ATC G-3'). PCR results suggested that the percentage of Babesia canis vogeli infection was 4.8%. Through descriptive statistical analysis of the data, we observed that there was higher frequency of parasite infection associated with male dogs above two years of age, with a defined breed, from the countryside, are domiciled, and also suffer from tick infestation. We conclude that regardless of the type of risk factor, babesiosis can be found throughout Recife, Pernambuco, and its prevalence does not vary in most regions of Brazil. Our results indicate that PCR is a sensitive test for the detection of blood parasites, and should be performed as a clinical routine.
Introduction
Babesia spp. is an intraerythrocytic protozoan that infects numerous vertebrate hosts, and may cause diseases in many pets and wild animals as well as in humans (BRANDÃO; HAGIWARA, 2002) . Babesiosis is a disease that occurs primarily in tropical and subtropical regions (CARRET et al., 1999) . It is associated with severe and fatal symptoms, and is transmitted via ticks. Brazil (PASSOS et al., 2005; DUARTE et al., 2008) . In addition, there were reports describing the presence of Babesia gibsoni in Paraná (TRAPP et al., 2006a; JOJIMA et al., 2008) . A study has also identified Babesia canis rossi in the Federal District Brasília (VASCONCELOS, 2010) . The geographic distribution of babesiosis is greatly dependent on the habitat of its carrier, the ticks. Knowledge on the prevalence and clinical pathological conditions caused by different Babesia species all over the world is of great epidemiological and medical interest (SOLANO-GALLEGO; BANETH, 2011) . Diagnosis for babesiosis is based on anamnesis and physical examinations. Additionally, several intraerythrocytic stages of Babesia spp. can be observed inside the erythrocytes using Giemsastained peripheral blood smears (GUIMARÃES et al., 2002) . Nevertheless, a limiting factor for classification of Babesia infection stems from the similarities between different species and subspecies (KJEMTRUP et al., 2000; JEFFERIES et al., 2007) .
Babesia canis vogeli infection is endemic in
As there are variations in the pathogenesis and clinical manifestations among the Babesia species and subspecies in dogs, an accurate diagnosis will provide valuable insights on its distribution, which will be important for therapeutic options and epidemiological studies (IONITA et al., 2012) . Molecular tests, in particular, polymerase chain reaction (PCR), have been increasingly used in epidemiological studies (BIRKENHEUER et al., 2004; JOJIMA et al., 2008; SILVA et al., 2012) .
Little is known about the possible risk factors associated with canine babesiosis in Brazil (DANTAS-TORRES; FIGUEREDO, 2006) . Therefore, due to the importance of this disease for small animal veterinary practice, the aim of this work was to determine the occurrence of Babesia canis vogeli in dogs from Recife, Pernambuco, through molecular detection and parasitological tests. In addition, we were also interested in evaluating the risk factors associated with this disease.
Materials and Methods
A total of 146 dogs of both sexes, varied breeds and ages, coming from clinical centers in the Veterinary School Hospital of Recife, Pernambuco, were evaluated. They showed clinical signs of babesiosis such as lethargy, vomit, anorexia, fever, weakness, mucosal pallor, jaundice, splenomegaly, hematuria (GUIMARÃES et al., 2002 (GUIMARÃES et al., , 2004 BASTOS et al., 2004) , dehydration, weight loss, abdominal pain, and sensitivity to renal palpation (BASTOS et al., 2004) . The epidemiological analysis used in this work was based on a previous cross-sectional study (CÔRTES, 1993) . Sample size for determining disease prevalance was based on an expected prevalence of 28.7% for Babesia spp. infection (COSTA-JÚNIOR et al., 2009) , which required a minimum of 79 dogs. A confidence interval of 95% and statistical error of 10% were used for statistical analysis (THRUSFIELD, 2004) . Analysis was performed using the Win Episcope 2.0 software, taking into account the disease prevalence, confidence interval, and statistical errors mentioned above.
With permission from the dog owner we conducted interviews using specific forms with epidemiological and clinical data. Blood collection was performed via external jugular venous puncture using disposable syringes. Blood (2 mL) was collected and placed in EDTA-K3-containing Vacutainer® plastic tubes. Hemoparasite detection was performed by optical microscopy on three blood smear slides. The remaining blood (0.5 mL) was stored at -80°C prior to molecular diagnosis by DNA extraction and subsequent PCR.
DNA was extracted from each 200 μL blood sample (in EDTA) with the DNeasy Blood and Tissue kit (Qiagen™-USA) according to the manufacturer instructions. Extracted DNA was placed in sterile 1.5 mL polypropylene tubes, labeled accordingly, and stored at -20ºC prior to DNA amplification.
The oligonucleotide primers used for PCR detection of B. canis vogeli amplified an approximately 590 base pairs (bp) region in the gene, as described by Duarte et al. (2008) . The sense primer BAB1 (5'-GTG AAC CTT ATC ACT TAA AGG-3') was specific for a conserved region in the 18S rRNA gene of Babesia spp., and the antisense BAB4 (5'-CAA CTC CTC CAC GCA ATC G-3') was specific for a region in the rRNA large subunit of Babesia canis vogeli. The amplification protocol was as follows: initial denaturation at 94ºC for 2 min; followed by 35 cycles at 94ºC for 30 s, 56ºC for 30 s, and 72ºC for 1 min; final extension was carried out at 72ºC for 5 min (OGLIARI et al., 2000) . Analysis of the amplified product was performed by electrophoresis on a 1.5% agarose gel with 1× TAE running buffer (TRIS-acetate EDTA, pH 8.0), and ran at a constant voltage of 6-7 V/cm. A 100 bp molecular weight marker was used for quantification of product size. Samples were stained with Blue Green (LGC Biotecnologia, Brazil), and were subsequently imaged under ultraviolet light using a gel-imaging system (Camera Kodak Digital DC/120 Zoom).
Descriptive statistics analysis was used to calculate the relative and absolute frequency of the variables of interest. To identify the risk factors associated with Babesia canis vogeli infection, we performed univariate analysis of variables via the Pearson's chi-square test, and when necessary, the Fisher's exact test. The Epi Info 7.0 software was used for statistical analysis, and the Kappa coefficient was calculated to evaluate the concordance between hemoparasites detection and PCR results. The independent and explanatory variables considered in the model were those that showed statistical significance of < 0.20. This probability was defined to include all possible risk factors of the disease in the analysis (HOSMER; LEMESHOW, 1989).
Results and Discussion
According to our PCR results, the percentage of Babesia canis vogeli infection in dogs was 4.8%. However, Silva et al. (2012) examined 300 dogs in São Luís, Maranhão using PCR, and detected a Babesia canis vogeli infection rate of 3.3%. This difference may be because the population used in this study comprised mostly of animals with symptoms of babesiosis, which differed from the previous study.
In Brazil, O'Dwyer et al. (2009) From the blood parasitological examinations, we observed that 1.4% of the animals analyzed were positive for Babesia spp. Numerous parasitological investigations in Brazil showed that the prevalence of infection by Babesia spp. varies. In a retrospective study performed in Bahia by Ungar de Sá et al. (2007) with 7,243 blood samples, the authors observed that 2,459 (33.95%) samples were positive for Babesia spp. On the other hand, Bastos et al. (2004) The results from the parasitological tests in this study were similar to those reported by Miranda et al. (2008) in Campos dos Goytacazes, Rio de Janeiro, in which 1.47% of the 2,031 dogs analyzed were infected by Babesia spp. It is known that blood smear technique has high specificity. However, it also has low sensitivity due to the variable nature of parasitemia, thus hindering the visualization of infected circulating erythrocytes. As a result, nondetection of the parasite in blood parasitological tests does not necessary mean absence of infection (MASUDA, 1983) .
The Kappa test showed low concordance between the presence of merozoites in the blood smears (1.4%; 2 positive dogs of 146 tested) and results from conventional PCR for B. canis vogeli. (Kappa=0.147, Concordance =0.500). The low concordance value may be due to low parasitemia; the animals tested positive for the disease may have been in the chronic phase of the disease, where parasitemia is usually low. In addition, discrepancy between the two results may also be due to differences in sensitivities between these laboratory techniques.
In blood parasitological tests, we also observed that 6.2% of the dogs were positive for Ehrlichia spp., 9.5% for Anaplasma platys, but no coinfections were observed. Co-infections by A. platys and E. canis have been reported in several regions of Brazil such as Ribeirão Preto, São Paulo (SANTOS et al., 2009), and Cuiabá (SOUSA et al., 2009) , as well as other countries such as China (HUA et al., 2000) and Venezuela (SUKSAWAT et al., 2001) . Simultaneous infections by Babesia canis vogeli and Anaplasma platys were observed in Australia by Brown et al. (2006) . These co-infections are common, and it was suggested that the same vectors Rhipicephalus sanguineus of E. canis and Babesia canis vogeli are responsible for the transmission of Anaplasma platys (YABSLEY et al., 2008) . Table 1 depicts the data analysis on the risk factors associated with Babesia canis vogeli infection. Through logistic regression analysis, none of the variables was found to be a risk factor. With regard to the sex, males were more likely to be affected as compared to females, despite the fact that we did not find any significant statistical differences between the two. This was in agreement with the findings by Jojima et al. (2008) in Londrina, Paraná, who also observed higher diagnosis percentages of Babesia spp. infection in males (22%; obtained by PCR). There were no reports alluding to the differences in Babesia spp. infection rate based on a specific sex or breed in the literature (GUIMARÃES et al., 2002; BASTOS et al., 2004; TRAPP et al., 2006b ).
We observed higher frequencies of positive diagnosis in animals aged two years or older. Similarly, Trapp et al. (2002) observed higher seroprevalence in dogs older than one year of age at a hospital in the North of Paraná. However, Brown et al. (2006) observed that puppies were more severely affected by babesiosis, and Jojima et al. (2008) detected higher percentage of positive cases for babesiosis in dogs between one and five years of age.
In a study conducted with dogs in rural areas in semiarid regions of Brazil, no correlation was observed between seroprevalence of infection and age or sex of the animals. However, mixed breeds presented higher rates of infection when compared with that of pure breeds (MAIA et al., 2007) . This was in contrast with the results obtained in our study, where most infected dogs were of a defined breed.
These differences may have occurred because of the diagnostic techniques used, the specific population in the study, and climatic factors from both locations where the research was being conducted. Costa-Júnior et al. (2009) observed that seroprevalence of Babesia canis vogeli infection was directly related to the age of the animals as well as tick infestation; the older the animal, the higher the seroprevalence. These animals may have a greater probability for chronic infection, which facilitates the occurrence of the disease.
Results indicated that purebred animals had higher frequencies of infection, in particular Pinscher (75%) and Pitbull (25%). However, this difference did not reach statistical significance (p>0.05). On the other hand, Jojima et al. (2008) observed that babesiosis was more prevalent in dogs with of mixed breed, followed by German Shepherd (3.9%), Poodle (3.5%), Rottweiler (1.8%), and (11%) other breeds. Several studies in Brazil did not observe predisposition of specific breeds to canine babesiosis (GUIMARÃES et al., 2002; BASTOS et al., 2004; TRAPP et al., 2006b ). Costa-Júnior et al. (2009) evaluated dogs in the rural area of Minas Gerais, and observed that neither breed nor sex was a risk factor for seroprevalence of B. canis vogeli.
We found that dogs with access to outside environment, fed home-made food, from a rural area, raised inside the house, and acess to the outside environment were most affected by babesiosis, although no significant difference was observed between these conditions. In the case of diseases transmission, dogs raised inside the house were infected when in contact with ticks, i.e., R. sanguineus, which may also live in the houses (NEER; HARRUS, 2006) . In Brazil, Babesia canis vogeli was characterized in the urban area by Passos et al. (2005) . Ribeiro et al. (1990) This demonstrates that in the case of hemoparasites, regardless of the animal's access to different environments, or whether they are raised in rural or urban areas, dogs may be infected by vectors found in either the house, the pet shops, or other locations where ticks are present. Results from this study suggest that animals from the urban and rural environments have equal chances of acquiring the infection, as no significant difference in infection was observed between animals from different environments. Silva et al. (2012) observed that among the 31.67% of dogs infested by ticks, 14% were from an urban area, whereas 17.67% were from the rural area, with R. sanguineus being the only species of tick detected in both areas. No correlation was detected between the presence of Babesia canis vogeli and the animal's area of origin.
With regard to the type of ectoparasites, we observed that fleas infected 6.7% of the dogs, and that babesiosis in dogs was significantly associated with the presence of R. sanguineus. However, in the logistic regression analysis, this variable was not confirmed to be a risk factor. Climatic conditions directly influence the population dynamics of ticks, thus affecting the transmission of Babesia spp. and consequently its permanence in the environment (FRIEDHOFF, 1988) . The R. sanguineus species of tick has nidicolous habits, which means that it spends its free-living stage in houses or resting locations of their host (SILVA et al., 2012) .
Conclusion
We conclude that regardless the type of risk factor, babesiosis is found disseminated in Recife, Pernambuco, and its prevalence does not vary in most regions of Brazil. PCR was shown to be a sensitive test in detecting the presence of this parasite when compared to blood parasitological tests, and thus, should be included in future clinical routines.
